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IntRoductIon
Dengue is a serious and rapidly emerging tropical mosquito-borne disease. Its burden is 465,000 disability-adjusted life years (DALYs) across the globe.
[1] India is heading to be a major hyperendemic niche for dengue infection. [2] Kerala is hyperendemic for dengue. [3] Quantifying the burden of dengue is the key to effective disease control. [4] Burden of dengue is generally measured using a set of epidemiological indicators. All of them can be combined into a single health indicator, such as quality-adjusted life years [5] or DALYs. [6] Internationally, DALYs are most often used. The DALY is a summary measure of population health used widely in disease burden assessment and cost-utility analyses. [7, 8] Meaningful comparison with other health problems of differing severity and duration can be done using DALY. Although the dengue burden using DALY is available at the global and country levels, state-specific figures are seldom done. Understanding the health and disease trends in groups of states is useful for finding the heterogeneity of disease epidemiology in the country.
The burden of dengue in Kerala in terms of DALY has not been assessed. The objective of this study was to assess dengue burden using DALY. We also looked at the trends for the years, 2006-2016.
MateRIals and Methods
Absolute DALY was computed using the DALY package, accessible in the R statistical program. [9] A graphical user interface [10] is available for calculating DALYs. Relative DALY (RD) was calculated using the population size as denominator and expressed per lakh for comparison with other areas.
The age-sex distribution of Kerala [11] population and the life expectancy (LE) used in the analysis are presented as Supplementary Tables 1 and 2 , respectively. LE for Kerala (2011) (2012) (2013) (2014) (2015) gives values only up to 85+, LE at 90, and 95 years were retained as in LE table of R and used in the package.
The reported cases of dengue and deaths for the years 2006-2016 were obtained from the state surveillance unit. The line list of cases with age-and sex-specific details was obtained for the years 2014 and 2015. Instead of using multiplication factor, we used the data from sentinel surveillance and fever surveillance to compute the highest (20% of fever cases may be applicable to Thiruvananthapuram only during epidemic period) and lowest possible (2.8% of fever may be applicable to the whole state) dengue estimates. These estimates of dengue in Kerala have been published earlier. [12] It was used for sensitivity analysis and for obtaining the range of possible estimates for DALY. The incidence/1000 and mortality/1000 population was calculated for the years 2006-2016 and then imputed in R for DALY calculation. The age-sex-specific incidence/1000 was calculated only for the years 2014 and 2015. The age-sex profile of dengue cases [Supplementary Table 3] , mean age of onset in each age group, [Supplementary Table 4 ] and mean age of mortality for 2014 and 2015 were computed in SPSS 11, IBM, Armonk, NY, United States of America. These data were used for DALY calculation for the corresponding years. For the rest of the years, the mean age of onset and the mean age of mortality of 2015 were used.
We assumed that deaths due to dengue may not be missed to reporting. Therefore, the incidence of deaths/1000 was not changed during calculations of DALY yearly for the highest and lowest possible burdens estimated. It was taken as reported deaths. We also computed DALYs using the mortality estimates for the South-East Asia region (SEAR) at 0.008/1000. [13] There was a wide variability in disability weights (DWs) for dengue used [Supplementary The analysis was also done using the weighted average of DWs of GBD 2015 (0.0583) [14] and a DW of 0.8, which was used in most studies. [15] [16] [17] [18] [19] Since severity of disease was not given in the line list of cases reported, it was accounted in the duration of disease and DWs. From a 5-year evaluation of dengue cases, it was seen that 90% of cases are not severe and only 10% are severe. [20] The duration disease for classic dengue is 4 days (range: 2-6), moderate dengue is 10 days (range: [8] [9] [10] [11] [12] , and severe dengue is 14 days (range: 10-18 days). [16] For the base case analysis, we took duration of disease as 7 days, based on a weighted proportion of disease severity. Others have used a duration of 5 days, [17] 14 days for hospitalized patients, and 4.5 days for ambulatory cases. [16] Variation in duration was considered in the sensitivity analysis (4-14 days). Proportion of treated cases was taken as 90%, because in Kerala, treatment seeking is high.
The sensitivity analysis was performed because of the variability in input parameters. Variability in incidence and age of onset was used. DWs were assigned as minimum 0.05, and the mode value was given as 0.2 and maximum as 0.8. No variability was assigned to mortality. The variability in treatment range was given as follows: mode 0.9 (since most patients seek treatment in Kerala) and minimum was assigned as 0.5 and maximum as 1. Regarding the variability in duration of disease, mode was taken as 7 days (0.019), minimum as 4 days (0. 0101), and maximum as 14 days (0.038). The variability in age of death was taken as minimum 4.5 years, maximum 65 years, and mode 38. Full age weighting was given in the base case analysis and varied in the scenario analysis. The discount rate used in the base analysis was 3%. We also performed a scenario analysis, varying the discount rates and age weighting. Three more scenarios were assessed namely, with no age weighting and discount rate as 0, no age weighting and discount rate as 3%, and age weighting and discount rate as 2%. respectively. Around 15% of cases were <15 years. The agesex-specific incidences for 2014 and 2015 showed the highest incidence in 15-59 years. The highest estimate of incidence was for males in the age group of 15-44 years at 28/1000 population. Based on the reported cases also, the highest burden was in males of the same age group (0.13/1000 and 0.21/1000 for 2014 and 2015, respectively). The mean age of onset of dengue was also similar for 2 years in both sexes. In the age group of 15-44 years, the mean age of onset of dengue was significantly higher for females. In other groups, the mean age of onset was higher in males. The age-sex-wise incidence was imputed for DALY calculation for the years 2014 and 2015.
Absolute DALY estimates based on reported cases varied from 78 in 2008 (although reported cases were lower in 2007, deaths were higher in 2008) to 753 in 2013. Rather than a linear increase in trend, we observed a cyclical pattern of increase in DALY every 2-3 years [ Figure 1 ]. The absolute DALY values obtained using the highest estimates of dengue ranged from a1718 to 3154 and the lowest ranged from 335 to 1064. 2013 consistently recorded the highest DALY [ Table 2 ]. The average DALYs for the 11 years based on reported cases, highest estimate, and lowest estimate were 357 (95% CI: 162-521), 2412 (95% CI: 2223-2575), and 630 (95% CI: 437-790), respectively.
The contribution of years lost due to disability (YLD) and years of life lost (YLL) to total DALYs is also shown in the table. When DALYs were computed using the reported cases, the contribution of YLL was in the range of 96%-97%. However, estimated figures show that contribution by YLD is much higher compared to YLL.
The RDs were 1.07 (95% CI: 0.48-1.56), 7.22 (95% CI: 6.66-7.72), and 1.88 (95% CI: 1.31-2.36) per lakh population based on reported cases, highest estimate, and lowest estimate, respectively. Hence, the highest estimated dengue burden is 7.22/lakh population.
Mortality estimates of SEAR of 0.008 were applied, and DALYs were recalculated [ Age-sex-specific DALYs were computed for the years 2014 and 2015. Reported cases and DALY were highest for the 15-44 years' age group [ Table 4 ]. The disease burden in lower age groups (<15 years) is low compared to adults. DALY in females was higher than males although cases and mortality were higher in males. During sensitivity analysis, the variable that contributed to maximum uncertainty was the incidence of disease in the age group of 15-44 years and the duration of the disease [ Figure 2 ]. Scenario analysis yielded the highest estimates for no age weighting and no discounting [Supplementary Table 6 ]. The DALYs were 537 and 1217 for 2014 and 2015 in this scenario, respectively [ Figure 3 ].
dIscussIon
Accurate estimates of dengue using measures such as DALY are indispensable for controlling the disease. [4] The formulas for calculating the YLLs and YLDs are presented by Murray [6] and Murray and Acharya. [21] It has been assimilated in a spreadsheet prepared by the WHO [22] for the GBD project. [23] However, we preferred to use R because of the stochastic nature of the data. The reliability of the final DALY result depends largely on the quality of the epidemiological data. We used data from routine data surveillance systems and data from studies conducted in the same setting. These estimates and data sources have an inherent level of uncertainty. Monte Carlo simulations have been suggested as a suitable technique to incorporate this uncertainty in the final DALY result. [24] The DALY package used in R gives us this kind of assessment. Another reason for not using the WHO template was that the mortality rate in our area is very low and its variability could not be captured while entering into the WHO template.
Age-specific DWs used in our study are lower than that used in most other studies. [25, 26] The DWs have a major influence on DALY, are arbitrary, and are not transparently stated. [27] Due to these issues, Fox-Rushby and Hanson [28] suggested a set of minimum reporting criteria. The treated proportion in our study was taken as 90%. Other studies state that 70% do not choose to take treatment or go for self-treatment. [29] An expansion factor (EF) is generally used for DALY calculation. In SEAR, an EF of 7.6 is reported. Only 13.2% of symptomatic dengue episodes are reported to surveillance systems. In Kerala also, only 10% of the cases are reported to the health system. [18] In the GBD study, the EF used was 12.3. They assumed that 8% of cases are reported. Using cartographic approaches, Bhatt et al. have estimated the dengue infections at 360 million and apparently symptomatic dengue at 96 million globally annually. This estimate gives an incidence of 13.9/1000, which is close to our highest estimated incidence. [30] It is also comparable with that of the GBD. For the year 2013, our estimates are in the range of 254-1815/lakh as compared to 327-1691/lakh according to GBD. [13] The total highest estimated cases for the period 2006-2016 are 169 times more than the reported cases. The lowest estimates are 23 times that of reported cases. In a study on economic burden in India, the EF used was 282, based on a case study and expert Delphi panel. [31, 32] The RD estimate by GBD in 2013 is 15.8/lakh (95% CI: 10.06-27.38). [13] The GBD 2015 estimate for dengue is 25.5/lakh (95% CI: 17.1-39.5). [33] Using the reported mortality, our highest estimates of DALY are 7.22/lakh Table 2 (95% CI: 6.66-7.72). In spite of having a comparable estimate of incidence, this difference could be due to the very low mortality rate, DW, and difference in duration of disease assignment. The global burden of dengue estimation assumed that 8•5% will develop postdengue chronic fatigue. A DW for "infectious disease, postacute consequences," with a mean duration of 6 months, has been assigned to this. [34] It was not accounted in this study. The mortality estimate for 2013 in the global burden of dengue assessment is 1.27/million (0.00127/1000). The mortality rate reported worldwide in 2010 is 0.002/1000 (14,000 deaths out of 6.9 billion population). These figures are ten times higher than the mortality rates used in this study. The most cited figure is 20,000 annual deaths which again are more than ten times higher. However, there is evidence from literature, showing that the mortality due to dengue is declining. [13] Global burden of dengue estimation has used the Cause of Death Ensemble model for finding the mortality rates. When we used the mortality estimates of SEAR, i.e., 0.008/1000, our estimates of DALY were higher than the global estimates of 2013 (15.8/lakh) and 2015 (25.5/lakh). Our estimated DALY using the mortality rate of SEAR for 2013 was 27.2/lakh (95% CI: 15.7-36.7). This figure is higher than the South Asia region estimates in the global burden of dengue estimates .3]/million). Our entire estimates lie in the range of 19.8-28.5/lakh population. It is at par with estimates for East and Central Asia and Cambodia but lesser than estimates of Puerto Rico [15] and several other studies [Supplementary Table 7 ].
In general, DALY is more in lower age groups. [13] In our study, DALY was lower in 0-4 and 5-14 years' age groups compared to 15-44 years' age group probably because mortality was not reported in the lower age groups. Dengue-related DALY for females is higher than males. [13] In our study also' this is reflected, despite higher case reporting and mortality in males. This could be due to the higher LE for females in Kerala.
The trend in DALY from 1990 to 2015 shows a 53.5% increase, from 16.6 in 1990 to 25.5 in 2015. [35] The global estimates of DALY indicate a 58% increase in 2013 compared to 1990. [13] In our data of highest estimated cases, we also see an increase in burden of 27.11% in 2016 compared to 2006 (7.5-5.9/5.9 * 100).
Burden of disease due to dengue is less when compared to malaria and other communicable diseases. Tuberculosis, Male  21  20  1  55  54  1  Female  20  20  0  54  54  1  15-44  Male  57  52  5  149  142  7  Female  64  61  3  169  165  5  45-59  Male  22  21  1  58  57  2  Female  24  24  1  65  64  1  60+  Male  14  14  0  37  37  0  Female  18  7  0  47 malaria, HIV, and ischemic heart disease contribute to 1.6%, 2.1%, 2.1%, and 7.1% of DALYs, respectively. Globally, dengue accounts to only 0.07% of total DALY (25.5/34445.7). [33] It is comparable to that of lymphatic filariasis and hepatitis B. From our data, the average highest estimate of DALY using a mortality rate of 0.008 is 26.18/lakh which contributes to 0.09% of total DALY for India. [36] This is comparable to the DALY of ovarian cancer (0.08% -21.6/27315) and half that of malaria (0.19% -53.9/27315). Kerala DALY figures are not available for comparison to the best of our knowledge.
conclusIons
The dengue-related estimated DALY for the state of Kerala is lower than the global burden, despite comparable incidence. It is due to the lower mortality rates in Kerala. These figures are based on estimated incidence and reported mortality. The burden of dengue is also lower in children compared to the world because of lower mortality rates. Mortality reduction becomes a key to reducing burden, especially in areas of reducing incidence.
This study shall form the benchmarking for evaluating and implementing cost-effective measures for dengue control in the state. State-specific DALYs may also be useful for prioritizing among various states of the country with diverse epidemiological profile of a particular disease, for resource allocation. The initiative of the Indian Council of Medical Research in bringing out the State Level Disease Burden in India [37] is a very useful measure in this direction. Supplementary [16, 20, [24] [25] [26] 0.8 (0.6-0.92) Korean study on disability weights [21] 0.428 (0.331-0.530) *Not given specific for dengue, but for acute infectious disease health states. GBD: Global burden of disease 
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